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WELLBORE CASING 
Cross Reference To Related Applications 

This application daims the benefit cf the filing date of US. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 

This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a weHbaro is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fhrid into the formation or inflow of fluid from the 
formation into the borehole. The borehole to drilled in intervals whereby a casing 
which is to be installed in a lower borehole interval is lowered through a previously 
installed casing of an upper borehole interval As a consequence of this procedure 
10 the casing of the lower interval in of smaller diameter casing of the upper 

interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction* Cement annuli are provided between the outer 
surfaces of the casings 

walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased cos^ 

drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
in c r eas ed drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that indudeeinstallhig a tubular lh^ 



in the borebo le, injecting flui die material into the borehole, find radially expanding 
the liner in the borehole by extruding the liner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a weHboTB cq«n"g is provided that includes drilling oat a new section of the 
5 borehole adjacon t to n ireirfy fmsting casing. A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fhiidic sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole. 
The gr^^inr region between the tubular liner and the new Bection of the borehole 
10 is then fluklicly isolated from an interior region of the tubular liner below the 
mandr el A nun hardenable fhridic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tabular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fhiidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured . At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member ia coupled The shoe is coupled 

to the tubular liner and inchules a third fluH passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a faitnilar number, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages, The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the t ubular m embe r 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positionmga mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member la p re ssurize d and the second tubular member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that i nc lud e s a tubular liner and an annular body of a cured fluidk 
sealing material The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the iwatent fawentian, a tie^^ 
lming an existing vfeflbore casing 

annular body of cured fhridir BPalingTnaterial The tubular liner is fbnnedigrthe 
process of extruding the tubular Kner off of a mandreL The annular body of a 

25 cured fluidlc sealing material is coupled to the tubular H t?t . 

According to another aspect of the present invention, an apparatus for 
expending a tubular member is provided that includes a support member, a 
mandrel, atubularmemberandashoe. Tliesupport member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operaWy coupled to the first fluid passage, an interior 
portion, and an exterior portion. Hie interior portion of the mandrel is drfllable. 
The titfmlar member is coupledto The shoe is coupled to the tubular 
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member. The shoe inrrhide* a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is (billable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidk sealing material into the new section of the 
well borehole. 

FIG. 8a is an o t* 1 ** ^pg^^^y rmga-waAtonal view illustrating the injection 
of a first quantity of a h ardenab le fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second q uan tity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an enibodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus lor creating a curing within a well bor e h ol e. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-Bectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a driUable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 



-4- 



FIG. 10a is a cross*sectumal illustration of a weUbaxe rnrtn^ ng a 0 f 
adjacent overlapping casings 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an frwp*mrftM^ tubular membe r. 
5 FIG. 10c is a crosa-eectional illustration ofthepumpmgofafhiidic sealing 
material into the annular region between the tubular member and the existing 
casing. 

FIG. 10d is a crosa-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandrel 
10 FIG. lOe is a cross-aoctional illustration of the extrusion of the tubular 
member off of the mandrel 

FIG. lOfiaacroas-Bectiana^ 
out the shoe and packer. 

FIG. lOg is a croas-sectkmal illustration of the completed tie-back liner 
15 created using an expendible tubular member. 

FIG. 1 la is a fragmentary cros&^ectioiial view fflnfitratmg th* ririllmg «r » 
new section of a well borehole. 

FIG. 1 lb is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus fa» tiwrtgin g m tubular finer within fhfr mrw section 
20 ofthe well borehole. 

FIG. 11c is a fragmentary arora^BciiQn^ vi^w ilHi^tfng the injection of 
a first quantity of a hardenabte 
weU borehole. 

FTG. lid is a fragmentary cross-sectional view ilhistrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. II* is a fragmentary croawectto^vi^ 
a second quantity of a harrtmwble flofdin irwlm g material into the new section of 
the weU borehole. 

FIG. llf is a fr a gm ent ary etnas-sectional view illustrating the completion 
30 of the tubular liner. 
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Detailed Description of the mmtrmtive Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and me t ho d permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tabular member. The apparatus and method farther permits adjacent tubular 
members in the weDbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method farther minimizes the reduction in the hole size of the 
wellbore caring necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tab ula r members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment^ the uiter^ 

permit the interior portions to be removed usfa^ a convention^ 

In this manner, in the event of a malfunction m a downhole region, the apparatus 

may be easQy removed. 

An apparatus and method for ^ M g^g an expandable tubular liner in a 
30 wellbore is also provided. Hie apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 



Referring initially to Figs. 1-5, on embodiment of an apparatus and method 
for forming a weUbcre casing within a subterranean formation will now be 
described As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 inchito an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill oat material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 a subterranean fannatkm 

100. The apparatus 200 preferably fncfadint im frrp^rwUKy m andrtl or pig 205 , a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 280, a fluid passage 2S5, aflnfrt rw™g»240, »eals245, and a support 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

memb er 250. The expendable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodimen t the expandable mandrel 205 comprises a hydranBc expansion tool aa 
disclosed in Ui5. Patent No. 5 348,095, the contents of which are incorporated 
herein by reference, modified In accordance with the teachings of the present 
disclosure. 

The tubular member 210 is supported by th» ttrpm^fr m mdrel 205. The 
25 tubular member 210 is expert 

expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional ccanmercialry avaflato 

Oilfield Country Tubular Goods (OCTQ), 18 chromium steel tubingteasing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
30 fabricated from OCTG in order to maximise strength after ex pans ion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
appnmmate|y0.75to47inchesan^ In a preferred 



embodiment, the inner and outer diameters of the tubular member 2 10 range from 
about 3 to 16.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 10 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimise the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expendable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 exam ple, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, m o di fi ed in 

20 acwrdanre wft* t*™ t**rh\T%g* nf thf» pmmt disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

26 In a preferred embodiment, the shoe 215 includ es one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidtc seallngmaterial into the 
region outside the shoe 215 and tubular member 2 10. ma preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be op timally sealed offty mtroduringaplug, dmHand/brball sealing elements 
into the fluid passage 280. 
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The lower cup real 220 is coupled to and supported by the support member 
260. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 a4jaoent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
6 available cap seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure . In 
a preferred embodiment, the lower cup seal 220 comprisee a SIP cup sesi, available 
from Halliburton Enei^ 
material and contain a body of hibrieent 
10 The upper aip seal 225 mcc^ 

250. The upper cup seal 225 prevent 

region of the tubular member 2 10, The upper cup seal 226 may comprise any 
number of conventional commercially available ™p seals «uch an, ti*'*™*^- Tp 
cups or SZP cops modified in accordance with the of the present 

16 disclosure. In a preferred embodiment^ the upper cup seal 226 comprises a SIP 
cup, available from HalHb^ 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passagB 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member 260 and the expandable mandrel 206. The (mid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandr el 205. The fluid passage 230 is prefer^ of 
the apparatus 200. 

26 The fluid passage 230 is preferably selected, m the cas^ 

operation, to transport materials audi as drilling mnd or formation fluids at flow 
rates and pressures ranging from about o *" galkmsAninuta and 0 to ff,000 
psi in order to nitaimixe drag on the t^ minimize 
surge pressures exerted on the widlbois which conW causes 

30 and lead to hole collapse. 

The fluid passage 235 permits fm frik materials to be released from the fluid 
passage 230. In this inanner, during placement <>ft^ 



now section 130 of the welibore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the welibore 100 above the tubular member 210 
thereby minimizing surge pressures on thp welibore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure acti vate d in order to controllably minimise surge pressures. The 
fluid passage 235 is preferably positioned exibetantially orthogonal to the centexiine 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDonafminute and 0 to 
9,000 pei in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the weUbore 100 and to minimise surge pressures on the 
15 new welibore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
co mmunication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. Tne fluid passage 240 preferabfr has a ciosa-sectional 
iihflpw tliat pwmifat m. plug, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 210. This permits 
25 the Interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 galloinVminute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 2 10 and the new section I30of the welibore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 toibiilarmeinber210. Theacala 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthetuboiiar member 210 to to ^ The seals 245 may comprise 

any number of conventional commercially available seals such as, for example, 
10 lead, rubber, Teflon, or ep 

the present disclosure. In a preferred embodhnent, the seaU 245 m 
Stratalockepoxy available from Halliburton Energy 8ervic« 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115, 
15 In a preferred embodiment, the seals 245 are selected to c^timaDy provide 

a sufficient fractional force to support the expanded tubular member 2 10 torn the 
existing casing 115. In a preferred embodiment, the Motional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 mairnxtttmim^^250mi^lAri tnth*»^twUM*»™ f CTB> tubular 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annu l ar member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
ernbodiraent, the anpport m 
25 centralizes (not Illustrated) to help etabihxe the apparatus 200. 

In a preferred embodiment, a quantriy of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of die 
tubular inembar210. IntiriamanrjCT,tto 

erf the expandable mim^ The hihrlomt 275 may comprise a^ 

SO number of conventional commercially available liiHrinmtg such as, for example, 
I^xbriplate, chloric 

(3100). In a preferred embodiment, the lubricant 275 comprises 1500 



Antisiexe (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to a asemhly to thB remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. Thia 
ininimizea the possibility of fbreigD m**"*** 1 Mngpn^&R various flow passages *nd 
valves of the apparatus 200. 

In a p r prp iTPii pmW^ h«fam or after positioning the apparatus 200 
10 within the new section ISO of the weilbore 100, a couple of weflbore volumes are 
circulated in order to ensure that no foreign materials axe located within the 
weDbcre 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 285 is then dosed anda h a rden a b le 
fhiidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230* The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 810 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the a nnular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weilbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pai and 0 to 
1,500 gallonatain, respectively. The optimum flow rate and op 
vary as a function of the casing and weilbore sizes, weilbore section length, 
available pumping equipment, and fluid properties of the fhiidic material being 
pumped. The optimum flow rate and operating pressure ax* pieferably determined 

30 i j?jT *g conventional empirical methods. 

The hardenable fhxklk sealing material 305 may comprise any number of 
conventional commercially available hardenable fhiidic sealing materials such as, 
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for exam ple , slag mix, cement ox epoxy. In a preferred embodiment, the 
hardenahie fhndic sealing material 805 comprises a bJended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while also madntainingoptiimim flow characteristics so as to minimise difficulties 
during the displ ac emen t of cement in the ammlar region 315. The optimum blend 
of the blended cement is preferably determined using conven tional empirical 
methods. 

The annular region 315 preferably is filled with the material 305 in 
10 sufficient Quantities to ensure that, upon radial «*p™«k»ri vf the rnbtdnr mcmbor 
210, the annular region 815 of the new* 
with material 805. 

In a particularly preferred enw^ 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
16 region adjacent to the mandrel 205 m order optimally permit placement of the 
apparatus 200 mpoationsmtto Furthermore, in 

this manner, the initiation of the radial expansion of the tubular memb er 210 
during the extrusion process is optimally facilitated 

As illustrated in Fig 4, once the ammlar region 315 has been adequately 
20 filled with material 305, a pm^ 

fluid passage 240 thereby fluidkly isolating the interior region 310 from the 
annular region 315* In a preferred flmr^rment, anim>harfmiihli>^idif*Tnfl t^r ial 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expended tabular member 2 10 will 
25 not contain s ig nificant a ma n ntw of cored material 305. This reduces and simplifies 
the cost of the entire process. jUternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 3 10 becomes sufficiently pressurised, the tubular 
mem ber 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expandable inandrel 205 niay be raised out of the ex^ 

the tubular member 210. In a preferred embodfaneat, during the extrusion 
process, the mandrel 205 is raised at approximate*/ the same rate as the tubular 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. in an alternative preferred embodiment, 
the extrusion prrwua is commenced with the tabular member 210 positioned above 
the bottom of the new weUbore section ISO, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by mtroducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The phlg 405 preferably acts to fluidicly isolate the hardenable fluidk 
10 sealing material 805 from the non hardflnahle fluidk material 306. 

The plug 405 may comprise any number of c unv r utton al commercially 
available devices bom plugging a fluid passage audi as, for example , Multiple Stage 
Cementer (MSG) latch-down phig, Omega latch-down plug or three-wiper latch- 
down pin* modified maccorda^ 111 
15 aprefernriembodime^ 

from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates rangmg, for exam 
20 to 4,000 pdlons/niin. In this manner, the amount of hardenable fluidk sealing 
material within the interior 3 10 of the tubular member 2 10 is minimiz ed. Ina 
preferred embodiment, after placement of the phig 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 3 10 
at pressures and flow rates ranging fttm^ 
25 3.000 galloM ftnin fa order to msaamiae the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to mmimite 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansio n mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205 r the inner 6^ 
thickness the tubular 

of the tubular member 210. In general, the thicker the wall thidaii^ the smaller 
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the inner diameter, and the greater the yield 

then the greater the operating pressures raquired to extrude tte 

210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the expa urtflMp mandr el will begin whan the pressure of the interior region 
310 reaches, for example, approximate^ 600 to 9,000 pel 

Poring the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
exann>le,nTOabout0to6fiVsec Inaprefernxlembodnne^ 
10 pnjce^therrnaTiriBMai 

tubular member 210 at rates ranging tomiabontO to 2 llAec in order to minimize 
the time required far the expansion f»oc^wijile also permitting control of 
the expansion process. 

When the end portion 260 of the tubular njember210isartrudedoffofthe 
16 e xp a n dab l e mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 116 to form an fluid ti^t overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pai In a preferred embodiment, the coiitact pressure <rf the flapping 
20 joint ranges from apjmxnnatery 400 to 10,000 pai fa (irder to provide optimum 
pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to accommodate tyyri^l tensile »™« ^presgrro londc. 

The overlapping joint between the section 4 10 of the existing casing 116 and 
the section 265 of the expanded tubularmember210 prelerabry provides a gaaecnis 
26 and flnidic seel Inarjaxtii^rforir^m^^K^™~,» rtw^ni;.,^^,^^ 

optunafly provide a flnidk and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operatmg pressure and flow rate of the non 
har dmsMp fhiiri tr mnter ial 306 is <xmtrellahry ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 nianner, the sudden release of im«urecau^ 

*hnlarinenfaer210off©ftheexpam fca 
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preferred embodiment, the operating pressure is reduced in a substantially linear 

fashion from 100% to about 10% (hiring the end of the extrosm 

when the mandrel 205 is within about 6 feet from completion of the extrusion 

process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the and portion 260 of the tubular member 210 in order to catch or at least 
decelerate the noandrel 205. 

Once the extrusion process is mmptftpd, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the ftuidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 1 15 is satisfactory, 
fKon any nncured p>**fr™ "fth? mpfrri* 1 anfi within the expanded tubular member 

20 210 b then removed in a conventional manner snch as, for example, ci rrnlntfti g the 
uncoxed material out of the interior of the expanded tubular member 210. The 
niandrel 206 is t hen pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional chilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the nnmilsr region 315 is then allowed to cure. 
As illustrated m Fig. 6, preferabty 
the interior of the ex panded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of cured material 306. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 in chutes one or more sealing members 605 and one or 
more pressure relief holes 610. In thifl manner, the overlapping joint between the 
lower portion 270 of the casing 1 16 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tabular mem^ 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 membera 605 are bonded 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210, The pressure relief 
holes reduce the operating preasures required to expand the upper portion 260 of 
the tubular member 210. This reduction in required operattog pressure m turn 
15 reduces the velocity of the mandrel 206 upon the ranpletion of the extrusion 
process. This reduction in velocity in turn mmimkea the medaank^ 
entire apparatus 200 upon the mmpipfiffp th* extrusion pwrneag. 

Referring now to Kg. 7, a particularly preferred embodiment of an 
apparatus 700 fur forming a easing within a weUbore preferably includes an 
20 e xp a n d able mandrel or pig 705, an expandsM* mandrel or pig container 710, a 
tubulflrmember716,afloat shoe 720^ 
a fhiM passage 735, a fluid passage 7^ 

750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 746. The expandable mandrel 706 is furtheT coupled to the expand 
mandrel container 710, The expandable mandrel 705 1s preferably adapted to 
controDabry expand in a radial direction. The expandable mandrel 705 may 
comprise arrynunte 

30 inwiffledmacgmta In a preferred 

«i*c<Bment,tto 

substantially aa disclosed in U A Put No. 5,348,095. the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
S to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 716 ts fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
thf^Vt^tm than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is ffTpanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 716 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Pigs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 716 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular crosa^secttan. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tabular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferahfy defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thirkness of the upper section 805 of 
the tubular member 71 5 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 816 of the tubular member 715 in order to optimally 
fatiliate the initiation of the eztnuira 
10 700 to be positioned in locations in the weQbore having tight clearances. 

The outer diameter end wall thickness of the upper section 806 of the 
tubular member 715 may range, for example, from about 1.05 to 
to 2 inches, respec tive ly. In a preferred embodiment, the outer diameter and wall 
thickness ofthe upper section 80^ 
15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diameter ml\ thlcknessoftheintermediate Ttkm 310 of the 
tubular member 715 may range, for example, from about 2JB to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment* the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 716 range 
20 from about 3.5 to 19 inches and 1/8 to U25 Inches, respective^. 

The outer diameter and wall thickness of the fewer section 815 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.25 inche s, respectively. In a preferred embodiment, the outer diame ter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred emhoriimpnt, the wall thfekneas of the tower section 815 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for owmpi?, aluminum are used. 

The tubular member 715 prefer^ In 
30 a preferred embo dimen t, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified 

completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 7 1 5 is limited to minimize tha possibility ofbuckUng. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 716. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the riioe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularity preferred embodiment, the croafrsectfonal shape 
of the inlet passage 83 0 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 far increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body of solid material 840 
co mp rise s aluminum . 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phxg modified in accordance with the 
teachings of the present disclosure. In a pr efer red embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a wealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the fc— -Mug* of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubular member 715 and an existmgwellboro casing, and to optimally fitdliate the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupkd to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region ofthe tubular member 715 above the eapendable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
TT*wtifi ed in the ofthe present disclosure In a preferred 

embodiment, the lower cup Beal 725 comprises a SIP cop, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to And supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
5 cope or Selective Injection Packer (SIP) cup modified in accordance with the 
teaching ofthe present disclosure. Inanrefereedembodnnent,theuppercup8eal 
730 comprises a SIP cup available from Hauaiurton Energy Services mDaUas,TX 
in order to optimally provide a debris barrier and contam a body of lubricant 
The fluid passage 73S permits flnidic materials to be transported to and 
10 ftt>mtb* interior region of the tubular member 716 beWtbeexpmuiabk mandrel 
705. The fluid passage 735 is fmidJcJy coupled to tbe fhdd passage 740. The fluid 
passage 736 is preferably coupled to end positioned within the support member 
760, the support member 745, the mandrel container 710, and the expandable 
mandrel705. The fluid passage 735 preferably extends fern a position adjacent 
15 to the surface to the bottom of the esqjeaidaM Tbe fluid passage 735 

is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxiea at flow rates and pressures ranging from about 40 to s,nnn gallonstalnnte 
and 500 to 9,000 pel in order to provide suffideni operating preeaurea to extrude 
20 the tubular member 715 off of the expandable mandrel 705, 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a welibcre, fluidic materials forced up the 
fluid passage 735 can be released into the weflbore above the tubular inendwr 716. 
In a preferred embodiment, the apparatus 700 further mcludea a pressure release 
26 passage that is coupled to and positioned within the support member 260. The 
preasure release passage is further fbndkty annate the fluM The 
pressure release passage preferably includes a control valve for controllobly 
opening and closing the fluid passage. In * pre fe rred embodiment, the control 
valve ia pressure activated in order to cantrollnhfr minimi— ^ rgu prufimircc. The 
JO preasure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The pressure release passage ia preferably 
selected to convey materials such as cement, drilling mud or eporiesa^ 



-21- 



and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimise surge pressures on the new wellbore section. 

The fluid passage 740 permits flnidk materials to be transported to and 
6 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably counted to and positioned within the shoe 720 in Buidic com munkation 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other omOar device, to 

10 to thereby block further pajeage of fluidk materials. In this manner, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally ftuidicjy isolated from the regkm exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurised. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or eposes at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbare with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 Inaprefexredexabodiment, the apparatus 700 fi^ 

seals 845 coupled to and supported by the end portion 820 of the tubnlaxme^ 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed The seals 845 may comprise any 
number of conventional cominercialry available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 645 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
in t erference fit in the overlapping joint between the tubular member 715 and an 
6 existing casing with optimal load bearing capacity to support the tuhnfar mornW 
715. 

In a preferred embodiment, the seals 845 are selected to provide a suffice 
frictions! force to support the expended tubular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the seals 845 
10 ranges from about 1,000 to 1,000,000 Drf in order to optimally support the 
expanded tabular member 716. 

The support member 745 is preferably coupled tn the "p»"H fl KU mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises sn annular member having sufficient strength to carry the apparatus 
16 700 into a new section oft WBin>ora Tie support member 746 m 

number of conventional commercially available support members such as, for 
example, steel drill pipe , coiled tubing or other high strength tubular modified in 
accordance with the tearbrngB of the present disclosure. In a preferred 
emb<ximient 1 the support member 746 compriBes conventional drill pipe available 
20 from various steel mills fa the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 7 10 within the interior of 
the tubular member 715. Inthisinamier.theextru^ 

off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate t chlorine based lubricants, oil based hihrkants, or CHmax 
1500 Antisiexe (3100). In a preferred enibodhnent, the mbricant 750 comprises 
Climax 1500 Antisiexe (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide Inbrkation to facfliate the extrusion 
30 process. 

The overshot connection 755 is coin^ to the support member 745 and ^ 
support member 760. The overshot connection 7W 
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member 745 to be removably coupled to the support member 760. Theovershot 
connection 766 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Iiinerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 756 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferably coupled to the overshot connection 
766 and a surface support structure (not illustrated). The support member 760 

10 preferably fiy™!*" 1 *** An rn+mh*r having sufficient strength to carry the 

apparatus 700 into a new section ofaweDbore. The support member 760 may 
comprise any number of conventional commercially available support members 
mich ag, for f7Tf»™p** drQl pipe, coiled tubing or other high strength tabulars 
modified in accordance with the teschmgs of the preset In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States, 

The stabilizer 766 is preferably coupled to the support member 760. The 
stabiliser 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 766 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diame ter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilisers such as, for example, EZ Drill 
Star Guides, packer shoes or drag bloclw modified in accordance witt 

25 of the present disclosure. In a preferred embodiment, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, IX 

In a preferred trabodimenl. the support members 745 and 760 are 
t>i^i ghiy rtennfld prior to assembly to the remaining portions of the apparatus 
30 700. In this maimer, the hitrodu^ 

is minimised This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansk^ 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 
10 A9inustratedmflg.8 f inm 

and apparatus described herein is used to repair an existing weflbore casing 805 
by forming a tubular liner 810 toside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative p r efer red embodiment, any number of fluidic 
15 mate r ials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably pitndded at both ends of the tubular n^ 
to optimally provide a fluidic seal In an alternative preferred embodiment, the 
20 tubular liner 810 is formed w 
as those used to transport hydix^ 

in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be r^^ 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 
described herein is used to direct^ in a 
preferred embodiment, an outer sjinnto 

the tubular liner 810 and the w^ In the alternative preferred embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 
30 intimate contact with the wellbore such as, for example! cement, epoxy, slag mix, 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902, a support member 904, an expand* 

908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 perjnits easy remov^ 
manner , the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular in^ 

908 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croao section. 

In a partic ular ly preferred embodiment^ an prrpwridahla tubular member 915 
is coupled to the upper portion 910 of the expandable tubular member 902. During 
15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
of the mandrel 906 by pressurising the mterior re of the tubular member 

902. The tabular niemb^ 

In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than thf wnll thir kr**"* nf the tubular member 902. 

20 The tubular member 915 may be fabricated fitim any number of 
conventional commercially available m aterials such as, for example, oilfield 
tubulars, km alloy steels, titamum or staim^ss steals. In a preferred enibodiment, 
the tubular member 916 is fabricated from oilfield tubulars in order to optmially 
provide approximately the sanieme^ 

25 In a particularry preferred embaliment, the tubular member 915 has a plastic yield 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular meinn^ The tubular 
member 915 may comprise a plurality of tubular mambera coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 SlSmclndesoMormoTesealingm 

gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tabular members 
90 2 and 915 are l i mi ted to minimize the possibility ofbuckhng. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials inch as, for example, oilfield 
tubulars, low alloy ateeJs.titaninmoTstamlessBtBela In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tubulars in order to optimally 

provide Rpprrrrrmfltply Aa Samemechan KWl pmjmKi pft aS the tnbtil yr wtAinhttT Qjfi 

In a particularly pi eferred embodimenty the tabular mamhflr ftfl9 bun ■ plpgtiryfeld 
15 point ranging from about 40,000 to 136,000 pal in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 mscy range, for exan^ue, tern about 1/16 to 1.6 
inches. In a preferred embotfmea 
20 aiid lower portions, 910, 9tf 

1/8 to 1.25 fa order to optimally provide «™n fo*rV*i»ftff that ■«> about the mm* «« 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
kmer portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diametOTof the up 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred rrmhodmuffit, the outer diameter of the upper, mtermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range item about 
30 3 ft to 19 inches in order to optimally provide the ahffitj to expand the most 
commonly mad oflfieid tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 rmnmwri^ny available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tub 
rrrmpriwifl Oilfield Country Tubular Goods available from various U.S. steel nulla. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. In a p r efe rred embodiment, the tab u l a r member 915 comprises 
Oilfield Country Tubular Goods available from various UfL steel mills. 

The various elements of the tubular member 9Mmsy be counted using any 
number of conventional process such as, for example, threaded co nnec tions, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end The various elements of the tubular memb er 915 may be coupled uamg any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plui^ty of tubular elements tn^ 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 prefsrabry i ncl udes an mnerstaring sdapter 918, 
a fluid passage 918, an upper guide 920, and a coupling 922, During operation of 
the apparatus 900, the support member 904 prefei*bry supports the 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The inneratring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The inneratrmg adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

T^Gtiid passage 918 iaprefera 
to aiid torn the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluididy coupled to the fluid passage 962. In a preferred cnibodiment, the fluid 
10 passage 918 is used to convey hankmaMefluife 
apparatus 900. Inaparticnlaxfr preferred e 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during p rcntiorim goftheap In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centerune of 

15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenaMe fluidic materials at operating pressures 
ranging from about 0 to 9,000 pat 

The upper guide 920 is coupled to an upper portion ofthe rapport member 
904. The upper guide 920 prefSerab 

20 within the tubidarm^^ 

of conv entiona] guide members modified in accordant* with the fa^hi ngg frf 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
imierstring adapter availab 

to optimalry guide the apparatus 900 within the tubular member 915. 
25 angling 922 couples the The 

coupling 922 preferab^ comprise 

The various elements of the support meniber 904 may be coupled using an^ 
number of cozrventkmal processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
SO eknienta of the Eui^ort member 904 are anipled usmg threaded connections. 
The maiidrd 906 prefer 
expaiiHionwne 928, alow 



934, an extension sleeve 936, a spacer 938, a hou si ng 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator inandrel 946, a lubricator aleeve 943, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator man drel 946, hxbricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 92S to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
c ommercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the hxbricator sleeve 948. The rubber cap 926 prevents the entry of 
foreign material* into th* Interior region 972 of the tubular member 902 below the 
rubber cop 926. The rubber cup 926 may comprise any number of conventional 
commer cially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant ia further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricanta, oil baaed lubricants or Climax lSOOAntiaeize 
(3100). In a preferred enibodiment, the lubricant comprises Climax 1500 Anuaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fadliate the extrusion process. 

TK*«rpftr>«mn tfmft Q^fl in coupled to the lower cone retainer 930, the boc^y 
ofcement 932, the lower guife 

the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded offof the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the hoaiaing 940, and the upper oone 
retainer 944. 

The expansion cone 928 preferably has a 
5 The outside diameter of the e^ 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to S inches. In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges from about 0.25 to 0J5 inches ^ 
to optimally provide adequate compressive strength with minimal ™**rfr1 The 
10 maximum and inininmm outside diameters «f th« expansion m^y ran g e, 

for example, from about 1 to 47 inches. Ina preferred frmhodiTnect, the ina 
and minimum outside diameters of the expansion cone 928 range from about 8.5 
to 1 9 in order to optimally provide expansion tf generaljy available oilfield tubulars 
The expansion cone 928 may be fabricated from any number of conventional 
16 commerrialry available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred embodim mt, the expan skm cone 928 is fabricated 
from tool steel in order to optimal^ provide 

The surface hardness of the outer surface ofthe expansion cone 928 n^ 
example, from abrot 60 Bockwe^ 

20 the surface hardness of the outer sm^ of the expansion cc^ 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength* In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a bard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 The lower cone retainer 930 ia coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular rnurn Doction, 

The lower cone retainer 930 may be fabricated from any number of 

JO conventional c ommarcialry available m«t» w»i ^ such frw w»mpu ce ramic, 
steel, titaninm or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to op timally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a reauient interior body in order to optimally provide abrasion resistanc e and 
fracture toughness. 

In a preferred embodiment, the lower ccmereiaiiier 930 and the expansion 

10 cone 928 axe formed as an integral one^dace element in order reduced 

of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 880 preferably mates with the hinersur&cee of 
the tubular members 902 and 915. 

The body of cement 932 is positioned withm the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906, 
The body of cement 932 further may be easUy drinedoutuamga conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 rommercialry available cement compounds. Alternatively, aluminum, cast iron or 
some other drillablft mrtwlli^ rnrmpomtp., or aggregate material may be substituted 
for cement The body of cement 932 preferabry has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940 . 
25 During nppmtiim of the app a r at us 900 r the lower guide 934 preferably helps guide 
the movement of the jnandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be febricated from any inirnber of conventional 
c ommer cially available materials such as. for example, oilfield tabulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated ftom tow alloy steel m order to opthnalfr provide 



The outer surface of the lower guide 9S4 preferably mates with the inner surface 
of the tubular member 902 to provide & lifting - fit. 

The extension sleeve 938 is coupled to the lower guide 984 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The m tonmnn sleeve 936 preferably **** * mbrtantjal^y annular T»gft-ftertifm, 

The extension sleeve 936 may be fabricated from any number of 
conventional commerdslry available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steeL In a preferred embodiment, the 
10 e xten s ion sl e eve 936 is fa b ri c at e d from km 
highyieM strength. Theeotersurface<rft^ 

with the inner surface of the tubular member 902 to provide a thdxng fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the number of 
15 components and increase the strength of the apparatus 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this marmer, a plug or darter 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 rVeferabry, the spacer 938 has a substantially aiirxular croaa-oection. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 b in 
order to optimally provide drillability. The end of the spacer 998 preferably mates 
26 with the end of the extension tube 960. In a preferred enmodiment, thespacer 
938 and the sealing sleeve 942 are formed as an integral one-piece element in order 
to reduce the number of cmm?cnents and increase the 

The housing 940 is coupled to the lower guide 93%. extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operaiion erf the apparatus 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 mcludes one or more protrusions to facfliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retailer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the Bealing sleeve 942 has a s ub s ta n t i ally annular 
cross-section. 

The sealing sleeve 94 2 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 ahiininmn in order to optimally provide drillability of the fiealmg sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 indudescrie or more protrusions to 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to nimimixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
Bealmg sleeve 942, snd the bcxly of c»m^ During operation of the apparatus 
900, the upper cone retauto 944 
30 cone 928. Preferably, the upper cone retainer 944 has a suhstsntially snnular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or east iron. In a preferred embodiment, the upper cane retainer 944 
is fabricated from aluminum in order to optimally provide drillability of the upper 
6 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer &44 has a 
cross-sectional shape designed to provide mcreaaed rigidity. In a particularly 
preferred embo diment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I*baped to provide increased rigidity and minimize the 
10 amount of material that would have to be drilled out 
The mhricator mandrel 948 fa 
926, the upper cone retainer 944, the hihrkator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the fabricator mandrel 946 preferably 
contains the body of mhricant in the annular region 972 for lubricating the 
15 mteriace between the mandrel Preferably, the 

lubricator mandrel 946 has a substantially annular ems-section. 

The hihrkator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
20 fabr icat e d from ahnmnmn in order to optimally provide drillability of the 
lubricator mandrel 946* 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the nibber cm? 926,^ 

948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 928. Preferably, the lnbricator 

sleeve 948 has a substantial^ annular cross-section. 

The hihrkator sleeve 948 may be fabricated from any number of 

conventional amixnaraafly available materials such as, for example, steel, 

aluminum ox cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fa bri ca ted from a lmnimnn in order to optimally provide drillability of the 

lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a pr efer red embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902 . 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the rubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular crosa-aectiDn. 

The guide 950 may be fabricated from any somber of conventional 
commerciaDy available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 962 preferably conveys har d enab le fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus BOO. In a particularly preferred enibodiment, the 
fluid passage 952 is adapted to convey hard enable fluidic materials at pressures 
20 and flow rate ranging from aJbout 0 to 9,000 psi and 0 to 3,000 gallons/minm order 
to optimally provide prearo 
the installation of the apparatus 900. 

The various elements of the mandrel 906 niay be coupled uam^ajiy nuniber 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elementa of the 
mandrel 906 are coupled using threaded connections and c ementin g. 

The shoe 908 preferably includes a housing 954, a body of cement 956. a 
sealing sleeve 958, an wrtenmo" tube 960, a fluid passage 962, and one or more 
outlet jets 964. 
30 Thehcnising954i8COupledto 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extniskm and positioning of the tubular member 902. 
Preferably, the housing 954 has a substantially annular cross-section- 

The housing 954 may be fabricated from any number of conventional 
commer cially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide d riBab flflj of the housing 854 

In a particularly preferred embodnneiit, the interior surface of the housing 
954 includes one or more protrusions to Ikcfliate the connection between the body 
of cement 956 and the housing 954, 
10 The bo<fr of cement 9Mfccouplrf 

958. In a preftn^-emb odhTifrnt i the eomporitfan of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling inflcfaine a *tnA pr oce ss es . 

The composition of the body of cement 956 may include any number of 
16 conventional cement compositions. In an alternative embodiment, a drfilable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The Healing sleeve 958 is coupled to the body of cement 956 , the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidkr material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jeta 964 in order tn bfort jh» hflrdpnnbte fTnidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the appar 

25 includes an inlet geometry that permto a conventional p 

lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
znay be bloclmd thereby 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 aimiilarcrwssc^ 

of conventional commercially available materials such as, for example, steel, 
flhiraimim or cast iron. In a preferred embodiment, the sealing sleeve 968 is 
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" fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable iluidk 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fiuidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the appar atu s 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicfy isolating the of the tubular member 902. In 

a pre! erred embodiment, one end of the extension 960 mates with one end of 
the spacer 938 in o rder to optimally f ardliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 maybe fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron- In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide drillability of the 
prtenrrion tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fiuidic materials. In a 

25 preferred embedment, the fluid passage 982 U positioned about thecenterlineof 
the apparatus 900. fa pi partioilajr/ preferred wnhndhMftnt, the fluid passage 962 
is adapted to convey hardenable fiuidic materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to optimally 
provide fluids at operationally efficient rates. 

30 The outlet jets 964 are coupled to the sealing sleeve 958, the ex tension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fiuidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred rrm hod rmen t, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 966 in order to simplify the construction 
5 of the apparatus 900. 

Hie various dements of the shoe 90S maybeonmkdnBiiiyaiyi num^ tf 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a preferred embodiment, the various 
elements of the shoe 90S are coupled using cement 
10 In a preferred anibodiment, the asBembty 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
weUboro or to repair a weUbore casing or pipeline. 

In particular, in order to extend a weUbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a weUbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
preferred embodiment, a hardenable fhiidic sealing hardenable fhiidic sealing 
20 material is then pumped from a surface location into the fluid passage 91B. The 
hardenable fhiidic sealing inatcrial then passe* fromto 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fhiidic sealing m 

the fluid passage 962. The hardenable fhiidic sealing material than exits the 
25 apparatus 900 via the outlet jets 964 and fills an srxnular region between the 
exterior of the tubular member 902 and the interior wall of th^ 
weUbore. CQntmnedmnnpii^ 

material to fill up at least a portion rftbaanmilar region. 

The hardenable fhiidic sealing material is preferably pimped into the 
30 annular region at pressures imd flow r^ 

5,000 psi and 0 to 1,500 gaHonsMif ti, respective^ In a preferred Embodiment, the 
hardenable fhiidic sealing 
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and flow rates that are designed for the specific wellbore section in order .to 
optimize the displacement of the hardenable fhiidic Bealing material while not 
rr pfitiTig ht gh ffnr ntgh circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as v 
for example! slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of ^ 
filled with hardenable material. 

20 Once the «nmibtr region has been adequately filled with hardenable fluidic 

sealing material, a phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhridicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
pnffam» d ffm ^iymm^ tha phig or dart OT4, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material In this manner, the 
amo unt of cured material within the interior of the tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised oat of the e xp an ded portions of the tubular members 902 and 915 using 
the support member 904. Daring this extruskm process, 
substantial^ stationary. 
6 The phig or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fhnii passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any numbe r of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down ping, Omega latch-down 
10 plug or three- wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In a preferred erzujoc&xro^ 

a MSG latch-down plug available from Halliburton Energy Service in T i*\\** TX 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gaUoiis/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 offoftheenpandnhle mandrel will begin when the pressure 
20 of the interior region 966 reaches In a preferred 

embodiment, the rrxtrnipnn of the tabular menders 9(ttand915 off of the in ano^ 
906 begins when the p ress u re of the interior region 966 reaches approximately 
1*200 to 8,500 pa with a flow rate of about 40 to 1260 gallona/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp an d ed portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred enibcdiment,dhnTngtheextoision 
process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 
SO permit full expansion of the tubular members 902 and 915 prior to curing of the 
h a r d ena ble fluidic sealing material; but not bo fast that tnnejy adjustment of 
op er a t i n g parameters during operation is pievenled. 
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When the upper end p ortion of the tubular member 915 is extruded off of 
the mandrel 906, the cuter surfauxofthe upper end portion of to 
915 will preferably contact the interior surface of the lower end portion of the 
existing rasing to form an fluid tight overlapping joint The contact pressure of the 
5 overlapping joint may range, for example, from approximately 60 to 20,000 psL In 
a preferred embodiment, the contact pressure of the cnreriappmgjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 
10 the tubular member 915 and existing wel^ 
compressive loads. 

In a preferred embodimentv the operating pressure and flow rate of the non 
hardenable fhiidic material will be controllabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, tlifi operating pressuieandVor flow 
rate of the hardenable fhiidic sealing material and/or the non hardenable fhiidic 
material are controlled during aU phases of the operation of the apparatus 900 to 
minimise shock. 

25 AKerratrvely, or in combination, a shock absoiber is provided in the support 

member 904in order to absorb the shock csused by the sudden release o^ 

Mrrnntivpfr. or in «^r t ^^«^™ i ■ m*ndypi catching structure is provided 
above the support member 904 in order to catch or at least decelerate the im 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment 

mandrel 906, the integrity of the fluidfc seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conveiu^nal methods. If the fluidic seal of the overlapping 
jomtbetw^ the upper portkmo 

of the existing casing is satisfactory,- than the uncured portion of any of the 
5 hardenablefhiidfc 
then removed in a conventional manner. Th» hardenable fhiMic coiling material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wallboro is then altowed to cure. 

Preferably any r enaming cured hnrrtmabl e fluidic sealing material within 
10 the interior of the expanded ttibidw members 9M 

conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded to^ 

outer annular layer of cured hardenable fhiidie sealing materiaL The bottom 
portion of the apparatus 900 apprising the shoe 908 may then be removed by 
15 drilhng out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 rrom the interto 
to a malf un ct ion. Inthiscroiinstance,a 
out the interior sections of tto 
20 tbeTmimmzHKtkms. In a preferred «nbe^ 

apparatus 900 are fabricated from materials such as, for example, cement and 
alummum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the mandrel 9()6 and 
cement 932, the spacer B38, the a^ 
the lubricator mano^ 948, th^ 
954, the body of cement 956, the aealhig sleeve 958, 

are selected to permit at least some of thew components to be drilled out using 
80 conventional driHin^ In thisnianner, mtheeventofa 

malfunction downhole, the apparatus 900 may be easily removed from the 
weUbore. 
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Referring now to Figs. 10a, 10b, 10c, lOd, lOe, 10f ? and lOg a method and 
apparatus for creating a tie-back liner in a weUbore win now be described. As 
illustrated in Fig. 10a, a weflbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second easing 1006. 
5 The first raring 1004 preferably includes a tubular liner 1008 and a cement 

anmihis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. 11 a- 111 

10 In a particularly preferred embodiment; an upper portion of the tabular 
liner 1012 overlaps with a k>wm pm li on of the tubular liner 1008. In a particularly 
pref erre d embodiment, an outer surface of the upper portion of the tabular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie4>adk liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferab ly provided that includes an expandable mandrel or pig 1 105 , a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1146, and a 

20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The ernamtahle mandrel 1105 may 
comprise any number of conventional commercially available expandable m and r els 

25 modified in accordance wit** +h» frHM» hj«g a nf th* present disclosure. In a preferred 
e mb o diment , the expandable mandrel 1105 comprises a hydraulic ex p ansio n tool 
substantially as disclosed in UJS. Pat. No. 6,348,095, the disclosure of which is 
incorporated herein by reference, 
present disclosure. 

SO The tubular member 1110 is coupled to and supported by the erpfmrlfthl* 

mandrel 1105. The tubular member 1105 is expand 

extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as. for example, Oilfield Country 
Tubular Goods, IS chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubular member 1 1 10 may range, for 
5 example, from approximately 0J75 to ^ 
In a preferred embodiment the inner and outer diameters of the tubular member 
1110 range from about 3 to 11L5 inches and 3.5 to 16 inches, respectively in order 
to optimalry provide coverage for typical oilfield casing aires. The tubular member 
1110 preferably comprises 8 aolid member. 
10 In a preferred embodiment, the upper end portion of the tabular member 
1110 is alotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 ia limited to 
miiiimire the possibility of buckling. For typical tubular member 1110 mate 
15 the length of the tubular member 11 10 ia prefarabry limited to between about 40 
to 20,000 feet in length. 

The aboe 1115 ia coupled to the expandable mandrel 1105 and the tubular 
member 1110. Theahoe 1116indude8thefluMpaaaage 1135. The ahoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 examp^SoperSeidnfioala^ 

with a aoaling sleeve fcr a latch down ping modrffad in accordance with the 
teachings of the present disclosure. In a preferred embodimen t, the shoe 1116 
comprises an aluminum down-jet guide ahoe with a sealing sleeve for a latch-down 
plug with aide porta radiating off of the exit flow port avaflab le from Halliburton 
25 Energy Services in Dallas, TX, modified in accordance 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular rnember 1100 

isolate the interior of the tubular rnember 1100 after the latch dtvra plug has 
seated, and optimal^ 
30 expansion and cementing operations. 

In a preferred embodiment, the ahoe 1115 inebideaone or rnoro aide outlet 
ports 1140 in fluidic coirmrrrnffarion with the fluid peaaage 1135. hi t hi s manner, 
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the shoe 11 IS injects hardenable fluidic sealingmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this maimer, the fluid passages 
5 1140 can be sealed offby introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering tha interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105, The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
fflirh Pfi, frrr "Tfrmpto, TP rap* or Selective Injection Packer (SEP) enp* modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a b arrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits ftuidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerhne of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epcxies at flow rates and 
pressures ranging from about 0 to 3,000 galtons/minute and 0 to 9,000 psi in order 

26 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits flntrlic materials to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1 110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials tote transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that perinitsaphig, or 

passages 1140 to thereby block further passage of fhxidk materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 bdow 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned akmg the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 3,000 galkmMnhmto and 0 to 9,000 pai in order to optimally fill the 
annular region between the tubular member 1110 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fhiid passages 1140 mchide an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the Quid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1116 includes a single 
inlet paasage coupled to the fluid passages 1140 thai is adapted to 
20 or other similar device, to permit the interior region ofthetubm^ member 1110 
to be ftaidicfr isolated Am the exterior of the tubu^ 

The seals 1145 are coupled to and supported by a kmer end portion of the 
tubular member 1110. The seals 1145 axe flirther positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
26 overlaying joint between 

end portion of the tubular ineinber mfl to be fkidicfr sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a p referred 
30 embodiment, the seals U45 comprise seals molded from Stratalockepoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulic soal in the ovciiappingjoint and optimally provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a prefeired embodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Win tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 Into tie weHbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centraHzers (not 
iDustratedJ to help stabilize the tabular member 1110. 

In a preferred embodiment, a quantity of lubricant 1 160 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tabular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any nuniber of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiaeize (3100). 

20 In a prcfeued embodiment, the lubricant 1150 comprises Climax 1500 Antiaeize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide fabrication for the extrusion process. 

In a preferred embodiment, the support member 115X) is thoroiaghlydeaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction offoreign material into the apparatus 1100 tominimiaed 
This wnSntnwMHi the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel HQS during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 

30 packer 1 155 coupled to the bottom section of the shoe 1 1 15 for ffuididy isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, flnidic 
materials are prevented from entering the region of the weUbore 1000 below the 



apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as* for example, EZ Drill Packer, EZ SV 
Packer or a driUable cement retainer. In a preferred embodiment, the packer 
1 1 56 comprises an EZ Drill Packer available from Halliburto n Energy Services in 
5 Dallas, TX In an alternative embodiment a high gel strength pill may be set 
belowtl^tie-backmplaceofthepadLerll55. In another alternative embodiment, 
the packer 1156 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weUbore 11 00 f a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located withm the iteflboxe 10M 

dog up the various flow passages and valves of the ap p aratn a 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardffnable fluidic sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1 160 to £01 up at least a portion of the region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallons/min.respectrvety. In a preferred embodiment, the material 1 160 is pumped 
into the annular region at pressures and flow rates specifically designed fbr the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties cf the flutt being puniped. The optimum flow rates 
and pressures are preferably *»V»»ifltH firing ffmv y**frwmi *™ pineal methods. 

30 Thehardenablefhiidicse 

conventional commercially available hardenable flnidic s ealing materials audi as, 
for. example, slag mix* cement or epaxy. In a preferred embodiment, the 



hardenable fhiidic scaling material 1160 comprises blended cements specifically 
designed for well section being bed-back, available from Halliburton Energy 
Services in Dallas , TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimise 
5 operational difficulties during the displacement of cement in the nnrmlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
q uant ities to ensure that, upon radial expansion of the tubular member 1 110. the 

10 annular region will be filled with material 1 160. 

As illustrated in Fig. 1 Art. the *nw%n\nrr*gum has ***** nriflgnjitely 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the Quid passages 1 1 40 thereby Ouididy isolating the interior 
region ofthe tubular member 1U^ 

15 member 1110. In a preferred einbodiment, a non hardenable fluidic material 1 161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurise. In a particularly preferred 
embodiment, the one or more phigB 1 166, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable ftuidk 

20 material In this manner, the amount of hardenable flnidic material within the 
interior of the tubular member 1110 is nrinhniied 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurised, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1 130 at a surface location in a 
conventional manner . The progs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, robber balls* or darts modified in accordance with the teachings 
of the present disclosure. 
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In a p r ef err e d embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the phigs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the ft*™* passages 1140, the non 
6 hardenable fluidk material 1161 is preferably pumped into the interior region of 
the tabular member 1U0 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9, 000 psi and 40 to 3,000 gallonatain. 
In a preferred embodiment, afWplacementofthe plugs 1165 in the fhiidpassa^ 
1140, the non hardenahk flnidic material 1161 is preferably pumped into the 
10 interior region of the tubular member mObekw the mandrel 1105 ^pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallo uB/min in order to optimally provide extrusion of tfpkal tubukrs. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 11 10 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 11 10 below the 
mandrel 1105 reaches approximate^ 1200 to 8500 psL 
20 During the extrusion process, the e^wndabkmandrd 1105 nu^ be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec. Ina preferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out ofthe expanded portion of the 
tubular member 1110 at rates ranging from about 0 to 2 ft/sec in mri»r tn np *mn>n y 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1160 cures. 

Inaprefbrcd embodiment, at kart 
1110 has an internal diameter lesa than the outside diameter of tte 
In this manner , when the mandrel 1105 expands the aectkm 1180 of the tubular 
80 member 1110, at least a portion of the exp«nd£d sectixm 1180 effects a seal wil^ 
at least the wellbore casing 1012. Inapartteobxfr prefe rr e d embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section U80 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 600 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1146 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensite and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an mtern^ 

diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 
15 provide optimal mria frr ™ **> «nmw» that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controUahly ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tain In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1106 can be minlmWrd In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 

Alternatively^ in combination, aBhockabsorberisprovidedfathesupp^ 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tabular meniber 1U^ 
decelerate the mandrel 1105. 
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Referring to Pig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandab le mandr el 1105 
the integrity of the fhiidk seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular li ner 1108 is tested 
using conventional methods. If the fluldfc seal of the jomt between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 w ithin the 
exp anded tubular member 1110 is then removed in a conventional manne r. The 
10 material 1160 within the annuto 

the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1 1 10 is then removed in a 
conventi onal manner usinga conventional drill string. The resxdtxngtie-back liner 
15 of casing 1 170 includes the expended tubular member U 10 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g > the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
dnilixigOTt the ahoe 1115 
20 In a pextioilarfy preferred e^ 

the apparatus 900. 

Referring now to Figs. lla-llf t an embodiment of an apparatus and method 
for hangings tubular liner off of an existing weDboxe casing will now be described 
As illustrated in Kg. 11a, a wellborn 1200 is positioned in a subterranean 
25 formatiOTl2<W.Tl»wen 

a tubular casing 1216 and an annular outer layer of cement 1220. 

In order to extend the wem^ 
a drill string 1226 is used in a well kimwn manner to driH out materW 
subterranean formation 1205 to form a new section 1280. 
30 As illustrated mF^ 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 roafetably includes an arpan^hU t^^a^i « r 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 Is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to eontrollably 
expend in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodimen t, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in VS. PaL No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1 310 is coupled to and supported by the expandable 
mandrel 1305. The tabular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expendable mandrel 1305. The tubiilar member 
1310 may be fabricated from any number of materials such as, for example, OOfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG- The inner and outer diameters of the tubular ineinber 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of tlxe tabular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimal VpTOVldf mir*™** tjOwnprnggfrpri in the moat oommonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 

frffmrT+A gmh fKiiTpg^ti thft m ^ thfrlHM*?* "titer Hifrmpfrpfr nf thp uppgr portion 

1355 of the tubular member 1310 range from about 3/8 to 1 V* Inches and 3 V* to 
16 inches, respectively. In a preferred embodiment, the wall thirlmpsw and outer 
30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1865 of 
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the tubular member 1310 range from about 3/8 to U inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tubular member 1310 is less than or equal to the 
5 wall thickness, of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally fec^ process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to eatch or slow down the mandrel 
1305 when it completes the eztzuaian of tubular -member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably i ncludes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe. Super Seal H Down-Jet float shoe or guide shoe wtth a 
sealing sleeve far a latch-down plug modified in accordance with the teadiin^ 
the present disclosure. In a preferr e d embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe withe BealingdeeveferaJatd^owniduga vailab le 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of thepresent disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200. optimally fluidicry isolate the interim* of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and cementing operations* 

In a preferred embodiment, the shoe 1315 further includes one or more side 

30 outlet porta in fhndlc fomTntrm cation with the fluid passage 1330, Inthismanner, 
the shoe 1315 preferably infects hardenabte flnMfr ^i^gm irtrrial into the region 
outside the shoe 1315 and tubular member 1310. ha a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fhiidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fhiidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1346 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centeriine of the apparatus 1300. The fhrid passage 1 320 is preferably selected 
to transport materials snch as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUonafaiinnte and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fhiidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fhiidic 
communication with the interior region 1370 of the tubular member 13 10 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other simitar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the e xp an d a b le 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubiilar member 1310 
below the expandabte mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
femfrn t t drilling mud epmiBfi At flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi tn order to optimally fill the annular 
region between the tubnJarm 

1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 



includes an inlet geometry that can receive a dart and/or a bail sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a phig, dart 
and/or ball prating elements into the fluid passage 1320. 

The fluid passage 1336 permits flnidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1336 is counted to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantial^ along the centeriine of the apparatus 1300. The fluid 
passage 1335 is prefl eratuy selected to convey materials such as cement, drilling 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3 f 000 
gallons/minute and 0 to 9,000 pd in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1280 of the weEbore 1200 
with fluidic materials. 

The seals 1340 axe coupled to and supported by the upper end pcrton 1355 

15 of the tubular member 1310, The seals 1340 are ftirtber positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the orerlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachin g s of the present disclosure, In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas , TX in order to opthnalry provide a hydraulic seal in the 
annuhas of the overlapping joint while also creating optimal load bearing capability 

25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to oplanuuly provide 
a sufficient frlcfannal foree tn nopp^r* -wprw^ fa^ifrn- ^^fr^ 131ft fntT 

existing casing 1215. In a p r ef erred embodiment, the Mcticaaal force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 



• 57- 



preferably comprises an rr^ 11 ^ member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment , the support member 1 345 further in chides one or more conventional 
centralixers (pot illustrated) to help stabilize the tubular member 1310. 
5 In a preferred embodiment,^ 1346 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduidaon 

This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1 300 and to ensure that no foreign material 

10 interferes with the erpan/wm process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passagB 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the tenchmgs of the 
present disclosure. In a preferred embttliment, the wiper plug 1 350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 at tachmen t to the expansion mandrel 1306, 
In a prof erred embodiment 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig; lie, a hardenahle flnidic Reeling material 1380 to then 
pumped from a surface location into the Quid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 than passes from the interior re^on 1370 mto 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 13 10 aiid ofthewellbore 
1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for emmpto, from about 0 to 5000 psi and 0 to 
1,500 gallons/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 6000 pai and 0 to 1,500 galloiiafain, respectively, in order to optimally 

10 fill the annularregfon between the brinuarmember 1310 and the new 
of the wellbare 1200 with the hardenabla flnidk sealing material 1380. 

The hardenab le fluidic sealing material 1380 may comprise any number of 
conventional oraimarrially available hardenable fluidic Bcaling materials gucb as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements rfp«g~H 
specifically for the weU section being 

Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
nfthm cement is preferably <fot«r*"*™** nmg ro^vnT^timnl umpiring) methods. 

20 The annular region 1390 preferabr/ is filled with the material 1380 in 
sufficient quantities to ensure th*^ ypm t^am expansion ^f thff tabular™"™**** 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a 'wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. Tie wiper dart 1896 is iraferabry pumped through the 
fluid passage 1320 by a non hardenable fhndk material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1360. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1360 causes^ w^phag 1350 to decouple 
from the mandrel 1305. Thewiperdart 1395 and wiper phig 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



passage 1330, and fhxidicjy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Durmgtteextnia^ 

1305 la raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1305 may comprise any number of 
conventional commercially available devices from phiggingafhiid passage such aa, 
for example, Multiple Stage Cenienter latch-down plugs, Omega latch-down phxgB 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disdoaure. In a pre fe rred embodiment the wiper dart 1395 oom 
a three wiper latch-down plug UKriified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
frrrm p«llftm rt/m Energy Services In Dallas. TX- 

After blocking the fluid passage 1330 using the wiper ptag 1330 and w^ 
20 dart 1395. the non hardenable fluidic material 1381 may be puinped into the 
interior region 1370 at pressures and flow rates ranging, far example, from 
approximator/ 0 to 6000 psi and 0 to 1,600 gaJtonsAnin in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner , the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 is minimised 

In a preferred embodiment, after btockuig the flu^ 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ^ 

40 to 3,000 g« 1Wlp / TW ™ in order to optimally provide operating pressures to 
SO ^^»*in the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion procesa. 
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For typical tabular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 win begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a fraction of the tubular member diameter, wall 
thf ckneftg of the tubular member, geometry of the mandrel, the type erf lubricant, 
the com p osi t ion of the shoe and tabular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empir i c a l met h ods. 
10 During the mrtmrinn process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tabular member 1310 at rates ranging for 
example, from about 0 to 6 ft/sea In aprefeired embodhnent, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 13 10 at rates ranging from about 0 to 2 ft/sec In order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1805, the outer surface of the upper end portion 
20 1355 of the tubular mem^ 

tower end portion ofthe casing 1215 to form an ftaid tight ovexlappmg joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
ofthe overlapping joint ranges from apfroximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure suffident toepsnre annular ™h provide 
enough resistance to wi ths t and typical tanaOe and compressive loads. In a 
particularly preferred emhoriimmt, the sealing members 1340 will ensure an 
adeq u ate fluidic and gaseous sad in the n«ww4fi rr fa g jrrfnt 
In a preferred embo diment to 
30 hantennMp fhiidirmaterial 1381 is (rmtmllshfr ramped down th» ^.Wd 
mandrel 1305 reaches the upper end portira 1355 of to 
In this mann er, the sudden release of prepare erased by the (xunplete extrusion 
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of the tubular m emb er 1310 off of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a su bst a n ti ally 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

AHfl rnflttv ttly , nr m combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the upper end portion 1355 of the tubular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed ftt>in the wellbore 1200. In a preferred fmhodmreat, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fhndk eealof the 

15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested uaing conventional methods. If the 
Ouidk seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, than the 
uncured portion of the material 1380 withm the expanded tubular member 1310 

20 is then removed m a coir^^ The material 1380 withm the annular 

region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

25 of casing 1400 mclud^ the expanded tulmlar member 1310 and ail c^ter annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removedby drilling 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 formation baa been described that mchtto 

m the borehole. A body of uuidic material is then injected mto the borehote. The 
tubular liner is then radially expanded by eatniding the liner off of the mandreL 



The injecting preferably includes injecting a harden able fhiidic sealing material 
into an annxxlar region located between the borehole and the exterior of the 
tubular liner, and a no* hardenahle fhadicxnaterial into an interior reg^ 
tabular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular region from the interior region before in^ 
quantity of the nan hardenahle eeaHng material into the interior region. The 
injecting the hardenahle fluidic sealing material ia preferably provided at 
operating pressures and flow rates ranging from about 0 to 6000 psi and 0 to 1,500 
gaflonaAnin. The injecting of the non hardenahle fluklk material is preferably 
10 provided at operating pressures and flow rates ranging from about 500 to 9(KK) psi 
and40to3,000gaDonaAnin. The infecting of the nan hardenahle fhiidk material 
is preferably provided at reduced operating preasuree and flow rates duri^ 
portion of the extruding. The nan hardenahle fluidk material is preferably 
injected below the mandreL The method preferabfyxnchidespree^ 
16 ofthetubular Knar below the mandreL The region of the tubular liner below the 
mandrel is preferably pressurised to pressures rangzngftum about 500 to9,000psi. 
The method preferably fnrhirif* fhiidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. Tie method ftirther preferably 
includes curing the harden^ 
20 of the cured apaliTTgmaterial located within the tubular liner. The method flirther 
preferably includes cAmlappm^ 

The method ftirther preferably includes sealing the overlap between th« tnimW 
liner and the existing wellbore casing: The method ftirther preferably includes 
aborting the extruded tubular liner usiiig the overlap with the e^ 
25 casing. The method ftirther preferably ineludes testing the integrity rfthese^ 
the overlap between the tubular liner and the existing wellbore casing. The 
method ftirther prefer 

fhiidksealingmaterid The method ftirther 

preferably includes lubricating the surface of the mandreL The method ftirther 
30 preferably includes absorbing shock. Tfce method further preferabfcr includes 
catching the mandrel upon the completion of the extruding. 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupiad to the support member and inchidea a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tabular 
liner and includes a third Guid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. Thft m i p x* 1 FT >arr f* wT> p"»ft»*«hfr includes *r mm* sealing 

adapted to pn*yyr^ foreign material frrm entering an interior region of the tubular 
member. The mandrel is preferably expandable, lite tubular member is 
preferably fabricated from materials selected from the group conriffting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psi. The tubular 
member preferably includes one or more sealing members at an end portion. The 
tabular member preferably includes one or more pressure relief holes at an end 

20 portion. The tubular member preferably include* a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member! the 

25 first tubular member having an inner diameter greater than an outer diameter of 
the second tpfrnl»* t member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tabular members in an overlapping r el a t ions h i p , pressurizing a 
portion of the interior region of the second tubular member, and extruding the 

30 second tubular member off of 

member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures ranging fram about 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
6 fUrther preferabry rnnhidftB supporting the extruded first tubular member using 
the overlap with the second tubular member. The method farther preferably 
i nc lu des rubricating the surface of the xnandreL The method farther preferably 
includes absorbing shock 

A liner for use in creating a new section of wefibore casing ina subterranean 

10 formation adjacent to an already existing section of wellbore casing has been 
d e sc ri bed t hat in c lud es an annular member. The annular member includes one or 
mare sealing members at an end portion of the mrmlaT member, and one or more 
pressure relief passages at an end portion of the annular member* 

A wellbore casing has been described that includes a tubular liner and an 

16 amrularbodyofaoiredfhiito 

process of extruding the tubular lmer off of a xnandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and man drel within 
the wellbore, and pressurising an interior portion of the tubular liner. The 
annular body of the cored flnidic sealing material is preferabry formed by the 

20 process of irrjerting a bo^ 

region external of the tubular Kner. During the pressurizing, the interior portion 
of the tubular liner is preferabry fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 pat The tubular liner preferably 
26 overlaps with an existing wellbore ca^ The wem^amngT^eferabry farther 
fadhidessBealpoaitionedm 

wellbore casing. Tubular liner ia preferabry supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
SO borehole has hem describe 

within the wellrx>recnfffmr fnfrctmga hofo «f « finirliV m„f^ ft ) ^ the borehole, 
pressurising a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the Quidic material is selected from the group consistiiig 
of aLag Tnrr f cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluididy ifloiating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injocting of the btrfy ff AitM^ i a jrnmndi*! «t operiiting pressures and flow 

rates ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/mm. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reduced operatrngpreasurea and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fhi^ I* 
a pr e fer red e mb odiment, a regkm of the tubular liner below the mandrel is 
pressurised. In a preferred embodunent, to 

mandrel is preasuxired to pressure a 
preferred embodiment, the mettod further inchidesov^^ 
15 with IV ^rintrngraUWe casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further inc hides supporting the 
extruded tubular liner using the existing wellbore easing. In a preferred 
cmbcdhnei^tto 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
inandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 
26 method further mcludes expanding then 

A tie-back Hner for lining an existing wellbore casing has been described 
that includes a tabular finer and an annular body of a cured fluidk sealing 
material- The tubular finer is formed by the process of extxudmg the tubu^ 
off of a mandr el Theannnlaxbody of acure^ 
30 to the tubular liner. In a preferred errihori^ 

process of pl acing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, Che interior por^ 

from an exterior portion of the tubular liner. In a preferred emb odiment, the 
interior portion of the tubular liner 

500 to 9,000 psi. In a preferred embodiment, the annular body of a cured ftuidic 
5 sealing inaterial is formed by the pro^ 

sealing material into an nnTmtor region between the prJgfrmg wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular 1™™- overlaps with 
another existing wellbore caring. In a preferred embodiment, the tie-back liner 
farther r n cm de s a seal positioned in the ovmiap between the tubular liner and the 
10 other existing wellbore casing. In a preferred embodiment , tubular liner is 
supported by the overlap with the other ariating wtrilhm* i—m g 

An apparatus far expanding a tubular member has been described tha t 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandr el 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operabjy coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a d rillable body. 
Preferably, the interior portion of the shoe includes a tubular 
bearing member. Preferably, the load bearing member comprises a d rillab le body, 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expand 

consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell <1 Preferably at least a 
portion of the apparatus is drillable. 

Although flhatretfre embodiments of the invention have been shown and 
described, a wide raiija^ of mod^finttian, changes and gnlMtlfaTtift« l* ^nfrnnplflted 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claim* be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting finidic material into the borebok; 

5 pressurizing a portion of an interior region of the tubular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel 

11 A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidkfr isolating thffirnmil^ 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable flnkflc material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular Utter off of the expandable mandrel; 

17 sealing the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 testing the integrity of the seal of the awlap between the tubular liixer and 

23 the already printing casing 

24 removing at least a portion of the bardenable fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic bardenable fluidic sealing 

27 material; and 

28 removing at kast a p<ntion of the cur^ 

29 within the tubular liner. 

1 3. An rtppiirgtTii fftr expanding a faibnlar member, mmwrianr . 

2 a support member, the s app or t member inchiding a first fluid passage ; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular lh^ 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4. An apparatus for f pn^^g » tubular member, coinprismg: 

2 a support member, the support member including : 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first and second Quid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel jy^Mfog a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing elements; 

11 a shoe coupled to the tubular member, the shoe m emding: 

12 a fourth fluid passage coupled to the third fmid passage, the fourth 

13 fluid passage adapted to receive a stmjmeim^aiid 

14 oiieormoreexbatistpaa 

15 mjectinglliiidfc 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method ofjoining a second 

2 first tabular member having «m im#rr rffimittfror ppgtw titan an outer rifam* tPT of 

3 the second tubular mamber, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurising * portion of thfl interior region of the second tubular m<mW 

7 and 

8 extruding the second tubular m^mberoffof the mandrel m^m^ ^^ T^m^t 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annnlar mmrnhmr including; 

3 one or more sealing members at an end portion of the aw ylnr 

4 member, and 

5 one or more pressure relief passages at an end portion of the annular 

6 member. 

1 7. A weBbore casing, comprising: 

2 a tubular liner, the tubular Im^r formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8* A tie-back liner for fining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular off of a inanb^ and 

4 an annular body of a cured lluidk sealing material coupled to the tubular 

6 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first Quid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operabry coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drulable; 

8 an e xpendible tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubule member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is driliabie. 
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